driving force in 20th-century astronomy has been the construction of ever-larger ground-based telescopes in order to examine the universe at fainter limits and hence earlier times. Soon after Edwin Hubble discovered the cosmic expansion in 1926, preparations began to construct the Palomar 200 inch telescope. A major goal for this instrument was the observational measurement of a departure from linearity in the Hubble diagram -the relationship between apparent magnitude and redshift for a representative object of fixed luminosity. Such a departure, if it could be measured, would determine the rate at which the cosmic expansion of the universe is being decelerated by its own self-gravity. Sandage's (1961) classic review of observational tests of world models implies that he considered this the main purpose of the telescope. Despite over 300 nights of telescope time spent by two competing groups Oke 1975, Kristian et al. 1978) who constructed the Hubble diagram for the brightest galaxies in rich clusters, no convincing result emerged (Aragon et al. 1998) .
The Hubble diagram assumes that some types of object can be considered as standard candles: they show a fixed intrinsic luminosity at all redshifts. Even if such a population of unevolving sources is found, the magnitude changes expected according to different cosmological models are small even at the limits attainable with large telescopes. At a redshift of one, the apparent magnitude of a standard candle differs by no more than 0.5 magnitude between the most open models that expand forever and those that just stop expanding in the infinite future. Recently, it has become fashionable to reconsider models where space itself may have its own energy density -the so-called cosmological constant or Λ-term. This term was first introduced by Einstein, though he later regarded its invention as his most serious blunder. The force associated with this hypothetical term is a repulsive one. In extreme cases where the Λ-term dominates, the universe would be accelerating and the changes seen in the Hubble diagram would be somewhat greater.
Therefore, to measure the history of the cosmic expansion, astronomers need photometric measurements reliable at the 0.1-0.2 magnitude level for many distant sources that may be standard candles, and pay considerable attention to the possibility of systematic changes over the large look-back times. Our candidates for such standard candles are type Ia supernovae.
Supernovae as standard candles
Supernovae are exploding stars classified according to the appearance of their spectra. Those of type Ia are ideal as cosmic probes as they are remarkably luminous; for a brief period they can outshine their host galaxy. They are also remarkably homogeneous as a population;
their peak luminosity appears constant to about 35%. The homogeneity of the explosion can be explained via a white dwarf in a binary system which accretes mass from its companion by various means, becomes unstable and synthesizes nickel from the explosive burning of carbon (Ruaz-Lapuente et al. 1995) . Recent work has shown that the more energetic explosions reach a higher peak luminosity then decay slightly more slowly. If the shape of the light curve is introduced as a second parameter in classification, the inferred homogeneity of the peak brightness is even tighter (about 10-20%, Philips 1993 , Riess et al. 1995 . Theoretically this correlation might be understood if more energetic SNe are hotter, produce more nickel and thus reach a higher peak luminosity. The higher opacity brings a slower release of energy and hence a less rapidly declining light curve.
However, supernovae are rare, rapid and occur randomly. To find them in large numbers requires a careful strategy. Speed is also crucial to secure both the light curve and redshift. Charge-coupled devices are needed for accurate photometry at faint magnitudes, so searches could begin in earnest only in the mid-1980s. The Danish-Durham SN search (Hansen et al. 1989) involved monitoring 65 clusters with redshifts of 0.35 monthly for 5-6 months per year. This was a gruelling programme: the observer had to go to La Silla every month, observe all night and reduce the data on (then inadequate) computer facilities the next afternoon. One of us had an override instead it implies that our cosmic expansion will continue indefinately.
The authors also briefly discuss evidence for cosmic acceleration. on the William Herschel Telescope and Anglo-Australian Telescopes to follow up clusters with promising candidates and prepare finding charts for other scheduled observers. When astronomers were awarded telescope time there was a warning associated with their awards saying that should Richard Ellis find a distant supernova, their programme would be interrupted. (Someone from PATT once wrote a footnote on this letter: "Don't worry, he'll never find any!") The Danish-Durham team did find several supernovae including an important event which it concluded was a type Ia at a redshift of 0.31 (Norgaard-Nielsen et al. 1989) . But the light curve showed that it had been found post-maximum so its peak luminosity was highly uncertain. Nonetheless, the project demonstrated that reconnaissance of high-redshift supernovae light curves was feasible, but that this was not the best way to find large numbers of distant ones. The current survey adopts a more effective approach.
The Supernova Cosmology Project
The Supernova Cosmology Project (http:// www-supernova.lbl.gov) is a collaboration between Saul Perlmutter and colleagues at the Lawrence Berkeley Laboratory in California, a group of us at Cambridge University and many other astronomers worldwide. The principal advance that made the new survey possible was the advent of large format ccd detectors. The overall strategy is discussed in Perlmutter et al. (1997 Perlmutter et al. ( , 1998 and the Web page at "http://panisse.lbl.gov/public/" contains further details and the most recent results.
By repeated imaging of a large number of panoramic fields, enough field galaxies can be surveyed to ensure that 10 or so supernovae can be found in a two-night allocation. After discovery, each supernova must be monitored and its light separated from that of its host galaxy. Spectroscopic follow-up is also necessary to determine the redshift. Initially this was done on the William Herschel Telescope and we were content to measure only the galaxy redshift. However, we soon realized the advantage of gathering spectra of the supernovae to address questions of possible evolution in the explosive event; this has been possible only through access to the Keck telescopes.
Finally, a most important recent development is the use of Hubble Space Telescope imaging, most importantly in measuring light curves of the most distant examples . It is always clear in space, so measurements can be planned with confidence, and the superb image quality enables far superior separation of the supernova from its host galaxy.
So far our team has detected more than 70 events. About 40 of these have been completely reduced and have spectra, and this existing set will soon increase to just over 60. By the end of the year we can expect more detections and the total high-quality set will soon reach 80. The highest redshift so far is 0.87.
To establish the peak luminosity we need to match the shape of the light curve to a family of local templates whose shape correlates with peak luminosity. This match has to be made after allowing for the fact that time in the frame of the supernova is not the same as that measured on Earth due to relativistic effects. And all distant observations involve measurements taken through the same red filter, whereas the local supernovae, the baseline for the Hubble diagram, are observed through a blue filter. Depending on the redshift of the supernova, different portions of the spectrum enter the red filter. In addition, the spectrum of the supernova is changing with time and also according to the light curve shape. Even so, by measuring the colour of the supernova at all times, we can correct for these subtle effects so that the peak luminosity is known to about 15-20% for each distant supernova.
Turning now to the Hubble diagram, the highest redshift data is crucial in marking a trend away from the Einstein-de Sitter models. The supernovae beyond a redshift of 0.5 appear systematically fainter than the prediction for this cosmological model. The most important result that is emerging is that the universe will expand indefinitely and, by implication, that there is insufficient mass density to produce a large deceleration.
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August 1998 Vol 39 2 Type Ia supernovae -the ideal standard candle. Type Ia supernovae are thought to originate via explosions of dense white dwarf stars which lie in binary systems. A white dwarf can accrete material from its companion by one of several means and this renders it unstable. In the ensuing explosion, heavy elements are synthesized by nuclear fusion and the light curve is powered by the radioactive decay of these nuclei. The explosion can be modelled and the slight variations in the light curves from one event to another understood in terms of variations in the energetics of the explosion. By simply measuring the shape of the light curve, astronomers can predict their intrinsic peak luminosity to an accuracy of about 10-20%. "open" universe Ω = 1 critical density universe: "flat" universe Ω > 1 universe recollapses: "closed" universe distance between two observers expanding with the universe It has become fashionable to reconsider introducing a non-zero cosmological constant, particularly in the special case where space is not curved (Carroll et al. 1992 ). Such a model might be consistent with cosmological inflation and early results on angular structures in the microwave background (Hancock et al. 1998) and would offer some advantages in discussions of cosmic ages. In this more complex case, the cosmic deceleration is determined by the competing effects of two terms: the mean mass density (Ω matter ) and an equivalent density from the Λ term (Ω Λ ). There is not yet a sufficiently large redshift range to separately determine both terms (c.f. Goobar and Perlmutter 1995) but, nonetheless, the fascinating (and slightly alarming) conclusion emerging from the present data is that Λ could be a significant component of the cosmic energy density. If so, the universe must be accelerating! Recalling the difficulties encountered with the historic studies, can we believe these results? Might we not be unwittingly re-treading the paths trodden in the 1970s where, amusingly, for a while it was similarly believed the universe is accelerating (Gunn and Tinsley 1975) ? One very important aspect of the Sne results is that the photometric scatter around the best-fit Hubble diagram is close to that expected on the basis of measurement errors. This means there is no obvious evidence of any additional variation in the population arising, for example, from extinction of light by dust. Numerous tests so far reassure us that our result is reasonably robust, at least in that the expansion will continue indefinitely. It is still conceivable that redshift-dependent systematic errors might be large enough to remove the need for the non-zero cosmological constant. Mass inhomogeneities and dust along the line of sight are most likely sources, but our estimates of the errors introduced by these effects fall well short of the shift required to make the data match the Einstein-de Sitter model.
But could supernovae at early times have been subtly different from their present versions, just enough to save the much-favoured Einstein-de Sitter universe? One of the most important possibilities is chemical evolution of the progenitor stars which ultimately explode and produce these events. At early times, nucleosynthesis has had less time to enrich the overall interstellar material from which stars form. The ultimate test of whether such effects are important will come from a detailed comparison of our Keck spectra with model calculations aimed at predicting both the spectral and light-curve variations as the composition changes. Theoretical work (Nugent et al. 1995) so far suggests changes will be seen in the spectra well before the peak luminosity and light curves are affected. Our Keck spectra are virtually identical to those observed for local events at the same stage, so the working assumption that the properties of early light curves are very close to those observed today seems valid.
The results presented here are, of course, appropriate only within the framework of relativistic models of the universe first formulated in the 1920s by theorists such as Lemaitre and Friedmann, assuming matter is distributed uniformly and that every direction and location can be considered equally valid for observational tests of this kind. Ultimately, it will be possible to extend studies such as that presented here to larger redshifts, and with greater precision confirm not only the parameters of these simple models, but, more importantly, the assumptions underpinning these models. The enormous number of supernovae potentially available makes them well-suited for these more fundamental tests of our universe. G
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August 1998 Vol 39 4 The current Hubble diagram for distant supernovae from the Supernova Cosmology Project. The corrected apparent magnitudes and redshifts of 40 distant supernovae in the past are compared with their present-day equivalents in the context of the predictions made for various cosmological models assuming type Ia supernovae are standard candles and do not evolve with time. The data suggest the universe will expand for ever; a non-zero cosmological constant Λ cannot yet be ruled out.
3 One of the most distant type Ia supernovae events to date. The images shows the detection and monitoring of this remarkable event at a redshift of 0.83 using the Cerro Tololo Inter-American Observatory 4 m telescope (left and centre) and the Hubble Space Telescope (right). Surprisingly, no host galaxy can be observed. The light curve shows the considerable photometric advantage of HST. The Keck spectra are compared with spectra of local supernovae of type Ia viewed at various times with respect to maximum light. 
